Sacroiliac joint (SIJ) disease is increasingly recognized as a common source of low back pain. Arthrodesis of the SIJ has been shown to be clinically effective for this condition. In the last decade, minimally invasive (MI) SIJ fusion procedures have been developed to achieve the clinical effectiveness of open fusion procedures, with lower operative morbidity and faster recovery. However, SIJ fusion patients occasionally present with symptomatic nonunions necessitating revision.
Introduction
Lower back pain (LBP) is a debilitating condition with significant cost to society. 1 The sacroiliac joint (SIJ) is increasingly recognized as a significant source of LBP, and accounts for as much as 30% of patients with axial LBP. [2] [3] [4] [5] When conservative care has failed, fusion of the SIJ is typically performed. In recent decades, minimally invasive surgery (MIS) procedures have become the dominant technique for SIJ arthrodesis. MIS procedures have been shown to have superior outcomes to both open SIJ fusion 6 and nonoperative care. 7, 8 Despite the popularity and general success of MIS techniques for SIJ fixation or fusion, implant loosening and return to pain does occur and sometimes requires revision of the surgical construct. Miller et al. reported a 1.8% revision rate at a median of four months, and Cher et al. report a cumulative revision rate of 3.54% at four years for SIJ fixation with MIS procedures utilizing triangular titanium implants. 9, 10 Causes for revision in these studies included implant malpositioning and symptom recurrence. 9, 10 Both studies relied upon data voluntarily reported to the manufacturer; thus, the true revision rate is likely higher.
We report four cases of revision surgery after symptomatic nonunion with prior SIJ fixation. All patients presented with a return of SIJ pain, confirmed by provocative tests and/or injections. All were successfully revised with MI techniques that included decortication of the SIJ, placement of local autograft and cannulated, threaded implants. Specific findings, techniques and recommendations for SIJ fusion performed with MIS techniques are discussed.
Revision Procedure: Technical Considerations Preoperative Assessment of Recurrent SIJ Pain
As with a primary MI SIJ fusion procedure, accurate diagnosis of recurrent SIJ pain is critical, with the current gold standard including manual provocative tests and diagnostic injections. Manual provocative tests include the flexion-abduction-external rotation (FABER), Gaenslen, compression, thigh thrust and distraction tests, with three or more positive results indicating a reliable diagnosis of SIJ pain. 11 Comparative, controlled anaesthetic blocks are useful to confirm the diagnosis. 12, 13 Conventional imaging studies (x-ray, MRI, CT) are typically not reliable for identifying pain-generating SIJ abnormalities, 12 however in the case of recurrent, postoperative SIJ pain, imaging studies are important to assess the condition of the implants. Lucency around the symptomatic implants is often visible on plain-film x-ray images.
Surgical Technique

Implant Removal
For cosmetic purposes, the revision procedure may be performed through an incision in the scar from the initial procedure. It is important to note, however, that remodeling during healing often causes the original scar to drift; intraoperative imaging is critical to correctly locate the implants to be removed. Biplanar C-arm fluoroscopy is sufficient to locate and orient the implants and anatomy. Alternatively, Oarm imaging would also be appropriate if available. A threaded extractor tool provided by the manufacturer is utilized to remove the triangular titanium SIJ implants. The extractor is used to locate the triangular implants and palpate the central threaded hole. Note that the ends of the implants and threaded holes are typically covered by fibrous tissue, which may require light tapping and pressure with the extractor to penetrate, taking care to not damage the internal threads of the implants.
With imaging, the extractor is aligned coaxially with the implants and carefully threaded in. To confirm that the implants are loose, the engaged extractor is lightly tapped such that motion of the implants will be readily apparent on imaging. Implants confirmed to be loose are typically easily removed by drawing the extractor out by repeated lateral (outward) impacts with a slap hammer. Implants that feel and appear tightly fixed may be left in place.
Revision Implant Placement
Our preferred revision implant system utilizes a decorticator and cannulated, threaded implants (SImmetry, Zyga Technology, Inc., Minnetonka, MN). 14, 15 The decortication and cannulated design of the implants promotes a larger fusion mass across the SIJ, while the threaded design of the implants provides superior mechanical fixation in the residual bone stock. The technique has been previously described, 15 and briefly, involves drilling an osseous tunnel through the ileum into the sacrum, circumferential decortication of the SIJ around the tunnel, and placement of the threaded implants.
Placement and trajectory of the revision implants are critical to ensure good purchase in the residual bone stock. The threaded implant system utilizes two implants (versus three triangular implants). In most cases, sufficient residual bone stock is available cranial or caudal to the original implants for placement of the revision implants. If residual bone stock is not sufficient or the placement is otherwise preferable, the largest (14.5mm) threaded implants may be placed into the voids left by the triangular implants. While SIJ implants are commonly and intuitively placed in a direct lateral-to-medial trajectory, the preferred trajectory is angled both ventral-to-dorsal and caudal-to-cranial. The ventral-to-dorsal trajectory permits the implants to be placed through the articular portion of the SIJ, while the caudal-to-cranial approach is more perpendicular to the joint surface and allows use of longer implants.
Case Reports
Case 1
A 75-year-old female non-smoker presented with right buttock pain, which increased when changing positions, particularly between sitting and standing. The patient had a right SIJ fixation procedure approximately two years prior with three triangular titanium implants placed across the SIJ. The patient had also undergone an L4/5 pedicle screw fusion prior to the index SIJ fusion procedure. The patient reported a return to pain, which measured 6/10 on the visual analog scale (VAS) with tenderness on the right SIJ sulcus and positive flexion-abduction/external rotation (FABER) and Gaenslens provocative tests. 11 Xray imaging revealed lucency around all three triangular implants. CT images also confirmed lucency around the implants and a lack of osseous bridging ( Figure 1 ).
All triangular implants were removed. The cannulations of the triangular implants were quickly located using biplanar fluoroscopy with C-arms positioned for simultaneous lateral and anteroposterior images. The superior implant was located first, and the manufacturer's removal instrument was tapped into its cannulation gently and with rotation -this was done carefully because the removal instrument can be difficult to seat through the fibrous layer that typically covers the head of the implant. Once seated, the removal instrument was tapped forward (medially) to confirm that the implant was loose as observed under fluoroscopy. At this point the implant was easily removed with repeated outward (lateral) impacting with a slap hammer. The inferior two implants were easily removed in the same fashion as the first. Bony ongrowth was not observed on any of the removed implants.
The revision procedure incision was placed caudal to the implant removal incision to achieve a more ventral start point targeting the articular portion of the joint. Decortication was performed using a purposespecific instrument (SImmetry, Zyga Technology, Inc., Minnetonka, MN), followed by placement of autograft mixed with demineralized bone matrix (DBX, Synthes, Inc., West Chester, PA). Finally, the joint was fixated with a 12.5 mm diameter x 60mm long threaded implant. 15 Decortication, grafting and implant placement were repeated at the level of S2 using a similar trajectory ( Figure 2 ).
The patient was discharged within 24 hours and allowed partial weight bearing of the right leg for three weeks. Two weeks following the revision procedure the patient reported a 30% decrease in pain to VAS 4/ 10. Radiographs obtained at the same visit found the implants in place with no loosening. At two months post-revision, the patient reported no pain over the right SIJ sulcus and 100% improvement with a VAS of 0/10.
Case 2
Case 2 was similar to Case 1, but one triangular implant was left in place. The patient was a 78-year-old male non-smoker who had undergone right SIJ fixation with three triangular titanium implants approximately one year prior. Upon return to the clinic, the patient complained of pain in the right buttock and groin with a reported VAS of 10/10. The patient had tenderness to palpation of the right SIJ sulcus and positive FABER, Gaenslen and compression provocative tests. A diagnostic injection provided positive relief of the buttock and groin pain for less than one week. X-ray and CT imaging revealed possible halo lucencies around the triangular implants and no osseous bridging.
During revision the superior triangular implant was found to be stable and was left in place, but the two inferior implants were loose and easily removed. There was no adherent bony ongrowth observed on the removed implants. Decortication was performed as described above, followed by placement of local al-lograft with Progenix (Biohorizons, Birmingham, AL) and a 14.5 x 40mm threaded implant. The short implant length was chosen to avoid both the foramen as well as contact with the remaining triangular implant. Its larger diameter was selected to accommodate for the short length and proximity to the hole left by the removed implant. Decortication, grafting and placement of a 12.5 x 40mm threaded implant was performed inferiorly directed at the S2 foramen. Here the shorter length was chosen to stay short of the foramen. The start points of both implants were ventral to those of the triangular implants, and both had a ventral-to-dorsal trajectory, which kept the paths of the implants free from interaction with those of the previously-placed triangular implants.
The patient was discharged within 24 hours with partial weight bearing instructions. Two weeks postrevision the patient reported that the buttock pain had resolved, with a 70% improvement in pain (3/10 VAS), and the implants appeared well fixed in x-ray images. Five months post-revision, the patient reported 80% improvement (VAS 2/10).
Case 3
Case 3 involved a 76-year-old woman who had undergone SIJ fixation with three triangular implants in her left SIJ more than two years previously. The patient reported VAS back pain of 7/10, which increased when getting in and out of a chair. Provocative FABER and Gaenslens tests were both positive. Both X-ray and CT imaging demonstrated lucencies around the triangular implants and no osseous bridging was observed across the SIJ.
All three triangular implants were easily removed with the manufacturer's extraction tool, and again there was no adherent bone observed on the implants. A 12.5 x 55mm threaded implant (superior) and 12.5 x 40mm threaded implant (inferior) were placed in the articular region of the joint following decortication and placement of autograft mixed with DBX. The patient was discharged within 24 hours and instructed to limit activity to partial weight bearing on the left leg for three weeks.
At two weeks post-revision, the patient reported no more buttock pain (VAS 3/10), and radiographic findings revealed no implant loosening. Two and six months post-revision, the patient reported complete recovery and resolution of pain (VAS 0/10). Twelve months post-revision, the patient continued to report significant improvement (VAS 3/10). No signs of implant loosening were found in radiographic imaging.
Case 4
Case #4 involved a 78-year-old female (non-smoker) who had undergone bilateral SIJ fusion with triangular titanium implants, approximately 2 years prior. The patient reported right buttock pain had returned that increased when changing position and VAS back pain 7/10. The patient had tenderness to palpation at the right SIJ sulcus and positive FABER test. Two injections were performed providing 1-2 weeks relief. X-ray and CT imaging revealed halo lucency around all three right triangular implants. The right implants were notably placed in the dorsal portion of the SIJ (Figure 3 ).
Revision surgery was performed in August 2015. All three right triangular implants were extracted without difficulty, again with no adherent bone observed. The articular portion of the SIJ was decorticated and fixed with two implants as described in Case 1. 14, 15 The more ventral placement, as well as the caudalto-cranial and ventral-to-dorsal trajectories of the revision implants compared to the more directly lateral-to-medial trajectories of the original implants can be clearly appreciated in the pre-and postrevision images (Figure 3, Figure 4 ). The patient was discharged within 24 hrs with instructions for partial weight bearing for three weeks.
Two weeks postoperatively, the patient reported 50% reduction in pain (VAS 3/10), and imaging revealed no implant loosening. Two months postoperatively, the patient reported an 80% reduction in pain (VAS 1/10) and no implant loosening was evident on radiographic imaging. Twelve months post-revision, the patient reported 80% improvement in her SIJ pain (VAS 1/10). Imaging findings were normal with the implants well-fixed and fusion apparent on CT.
Discussion
All four cases of revision SIJ fixation presented with similar characteristics. All had received previous SIJ fixation with triangular titanium implants 1-2 years prior and experienced a return of SIJ pain symptoms as observed using multiple diagnostic criteria including palpation, provocative tests and injections. Removal of all triangular implants on the symptomatic side was attempted in all patients, but implants that were found to be well-fixed upon attempted removal were left in place. A secondary SIJ fusion procedure was then conducted, which involved decortication, grafting and fixation with fully threaded implants.
Prior to revision, halo lucencies were observed around most implants, and there was no osseous bridging across the joint apparent on CT. These factors suggest that the pain was mechanicallymediated, that the initial fixation failed to sufficiently limit motion, and that the surgical construct required revision. Most implants were easily removed and exhibited no bony ongrowth. Although it has been speculated that such lucency on triangular implants represents artifact, 16 these clinical and operative find- ings confirm that the implants were indeed loose. This correlation is not surprising because it parallels that seen with porous coated ingrowth hip prostheses. 17 In one patient, one implant could not be removed and was left in place. Radiographs did not illustrate lucency around this particular implant, and its location did not obstruct subsequent fixation. In general, removal of well-fixed implants is not considered necessary in our practice. However, the possibility that one or more implants are well-fixed in the ilium but loose in the sacrum should be considered; such a condition would interfere with decortication and fixation without contributing to construct rigidity. Alternate modes of decortication and fixation may be considered (e.g., open posterior access and decortication with pedicular fixation), however we prefer the MI approach to SIJ fixation when feasible.
The preferred trajectory for our revision implants follow a ventral-to-dorsal trajectory, which is in contrast to the lateral-to-medial trajectory of the revised triangular implants ( Figure 5 ). The ventral-to-dorsal trajectory places decortication and fixation in the synovial articular region of the SIJ 18 rather than the dorsal interosseous region, which has a much larger gap (see Figure 6 ). 18, 19 The smaller gap in the articular region provides a shorter distance for bony fusion to bridge across the joint, and allows for improved fixation compared to more dorsal placement across the larger gap. The lateral-to-medial trajectory may seem more intuitive; the initial teaching according to the triangular implant manufacturer was even to place the implants dorsally, with a ventral trajectory. However, these trajectories can result in one or more implants placed in the dorsal interosseous gap of the joint. Such dorsal placement is likely biomechanically inferior vs. placement in the articular region. This point is especially important with shorter implants, which may have less risk of impinging upon neural structures, but are also less likely gain purchase in the denser bone of the S1 body due to their shorter length.
In addition to the fixation attempted in the index procedure, our revision approach involves decortication and graft placement. The blood and marrow exposed by decortication provide the vascularization, pluripotent mesenchymal stem cells, inflammatory re-sponse, and osteogenic factors conducive to bone formation and fusion. 20, 21 The decortication utilized in these revision procedures is important to improve the likelihood of a solid union and long term improvement in SIJ symptoms. As described by Carter, skeletal mesenchymal stem cells may differentiate into fibrous, cartilaginous or bony tissue, depending on both the loading environment and vascularity. 22, 23 Excessive motion in the healing tissue may create tensile loading resulting in fibrous connective tissue formation, while insufficient vascularity -even with sufficient mechanical fixation -will promote chondrogenesis. We feel that the decortication, graft placement and fixation with threaded implants utilized in these revision procedures are all important to improve the likelihood of a solid union and long term improvement in SIJ symptoms.
As a final technical note, biplanar fluoroscopy was used to locate the cannulations in the triangular implants. Biplanar fluoroscopy provides simultaneous lateral (X-Y) and AP (X-Z) feedback, which allows rapid navigation to the start point and orientation of the triangular implant cannulation. Therefore either biplanar or O-arm fluoroscopy are recommended if available to speed location and removal of existing implants.
Several limitations should be considered with respect to this study and the techniques described herein. Although the small cohort of patients followed in this case report were doing well at two to twelve months follow-up, it must be emphasized that this timeframe represents only the early-postoperative period. Longer-term follow up in larger cohorts is needed to confirm both radiographic evidence of fusion and that the improvement in pain scores is maintained. In our practice this is particularly challenging, as the local population is often not available for long-term follow-up. It is notable that fusion rates with MI SIJ fusion systems are not well reported in the literature, ranging from 25% to 90%. Regarding the triangular implant systems, Duhon et al. has reported that of 159 subjects with CT imaging at 12 months, bridging bone was seen in 39 cases (24.5%) and Rudolf et al. reported evidence of bridging bone in 87% of cases at 5 years follow-up, while Kube et al. have reported 90% fusion at twelve months with the threaded implants. 16, 24, 25 Clearly more study is needed to understand long-term clinical outcomes and fusion rates of both primary MI SIJ fusion procedures.
Several risks not observed in this small study must be considered, such as those common to index SIJ fixation (e.g., nerve impingement and recurrent sacroiliac joint pain), 9 as well as those known with orthopedic revision procedures in general (e.g., re-revision, loosening and deep infection, especially in older patients). Risks unique to this revision strategy include graft extravasation through the initial implant holes and compromised bone stock due to the removal of the initially-placed implants. Notwithstanding these limitations, the revision strategy described in this case report was unanimously successful in four patients during a short-term follow up period.
Conclusions
Symptomatic nonunion after SIJ fixation surgery can be effectively revised in a minimally invasive fashion with positive outcomes. Removal of loosened implants is recommended, but the preservation of wellfixed implants does not appear to negatively affect short-term outcomes. Regardless of whether implants from the index procedure are removed, a ventral-to-dorsal trajectory is recommended. This trajectory is important not only for gaining fixation in undisturbed bone stock, but for placing the decortication and grafting in the center of the articular region of the joint, which we believe is critical in achieving long-term success through fusion. Careful consideration of patient-specific risks is a critical component of planning, and longer-term outcomes from a larger patient population is recommended before broadly generalizing the results observed in this case-series.
